Objective The incidence of iliopsoas abscesses has been increasing due to advances in diagnostic imaging techniques and the increased number of elderly individuals and immunodeficient patients with co-morbidities. Our aim was to investigate the management and treatment of iliopsoas abscesses, particularly the effectiveness of computed tomography (CT)-guided drainage in the era of interventional radiology. Methods A retrospective analysis was performed at a university hospital between January 2009 and March 2014. Patients There were 15 patients (eight men, seven women) 50-85 years of age (average: 70 years) diagnosed with an iliopsoas abscess. Results The etiology of the disease was investigated in 14 of the 15 patients, each of whom had a secondary iliopsoas abscess. The primary condition in nine of these patients (64.3%) was an orthopedic infection (spondylodiscitis); the most common symptom was fever (12 patients, 80%). Altogether, 10 patients (66.7%) had a multilocular abscess and five (33.3%) had bilateral abscesses. The most common pathogen was Staphylococcus aureus (seven patients, 50%). All 14 patients underwent drainage: 11 received CT-guided drainage, two underwent postdrainage surgery and one received ultrasonography-guided drainage. Poor drainage was overcome by inserting multiple drainage tubes (six patients) or performing transmembrane drainage with a guidewire. All but one patient survived. Conclusion Based on the high success rate of CT-guided drainage in this study, this technique is expected to continue to play a major role in cases requiring drainage, even in patients with bilateral or multilocular abscesses. However, this modality cannot be used in cases of gastrointestinal perforation.
Introduction
The iliopsoas muscle comprises the psoas major and iliacus muscles. The vertebral body, abdominal aorta, sigmoid colon, vermiform appendix, kidneys, ureters, hip joints and inguinal lymph nodes lie in close proximity to these muscles (1) (2) (3) (4) . Iliopsoas abscesses are broadly classified into two types. Primary iliopsoas abscesses occur in cases with no infectious focus in the vicinity of the lesion. This type of abscess forms as a result of hematogenous or lymphatic spread. In contrast, secondary iliopsoas abscesses form in the iliopsoas as a result of the direct influence of inflammation in the surrounding organs (1) . Many studies have identified iliopsoas abscess formation to be a complication of tuberculosis, although advances in antibiotic therapy and im-provements in public hygiene have made this etiology relatively rare. In recent years, however, there has been an increase in the incidence of deep abscesses, including iliopsoas abscesses. This increased rate of diagnosis is attributed to the wide availability of computed tomography (CT) and other forms of diagnostic imaging as well as the increased number of elderly people and patients with comorbidities (e.g., diabetes, malignancy) and those suffering from a variety of types of immunodeficiency (5) .
Abscess treatment mainly consists of appropriately controlling the source of infection, such as providing drainage or antibiotic therapy. There are no guidelines for the optimum timing or method of drainage, however, and different facilities use different protocols. Even with the recent improvements in diagnostic modalities, the optimum management strategy for iliopsoas abscesses is not uniform, and obtaining a better understanding of the various treatment options is required (6) . Nevertheless, the recent advances in interventional radiology (IVR) are remarkable, and CT-guided drainage, which is less invasive than surgery, has come into widespread use. These and other advances have led to changes in both the background characteristics of patients with iliopsoas abscesses and the appropriate treatment strategies. We planned the current retrospective study of patients with iliopsoas abscesses treated at this institution with the aim of investigating the epidemiology of iliopsoas abscess development and currently used treatment strategies, among which IVR is common (the IVR era).
Materials and Methods
The subjects of this study were diagnosed with iliopsoas abscesses using CT at our institution between January 2009 and March 2014. The diagnosis of an iliopsoas abscess was confirmed according to CT findings indicating the presence of an iliopsoas abscess with a compatible clinical presentation (e.g., fever, flank pain, limitation of hip movement), laboratory data (e.g., elevated inflammatory markers) and culture results (e.g., positive blood cultures). Typical CT images in iliopsoas abscess patients include the following features: (1) enlargement of the affected muscle; (2) ring enhancement of the abscess wall with lower central attenuation; and (3) the presence of gas either as an air-fluid interface or mottled air bubbles (7) . Radiologists reviewed all radiological features to confirm the findings provided in the radiology reports. Data collected from the patients' medical records or supplied by their physicians included their past medical history, presenting signs and symptoms, laboratory and imaging results, treatments and outcome. The primary outcome of this study was in-hospital death in a treated iliopsoas abscess patient. Survival was defined as being discharged alive after treatment, whereas mortality was defined as death during hospitalization. Our institution approved the current study, and the study protocol complied with the Helsinki Declaration.
Results

Epidemiology and clinical characteristics
The clinical characteristics of the patients are shown in Table 1 . A total of 15 patients were selected among those diagnosed during the study period. The male-to-female ratio was 8:7, and the average patient age was 70 years (range: 50-85 years; median: 71 years). All of the 14 patients in whom the etiology of the disease could be investigated had a secondary iliopsoas abscess. The most common primary condition was an orthopedic infection (spondylodiscitis) in nine patients (64.3%) followed by gastrointestinal perforation in three patients (21.4%), spread of a urinary tract infection in one patient (7.1%) and a postoperative abscess in one patient (7.1%). In addition to sequelae of cerebrovascular stroke, the most common co-morbidities included diabetes mellitus, ovarian cancer and advanced retroperitoneal cancer. Each patient had at least one co-morbidity.
The most common chief complaint at the time of the initial examination was fever (12 patients, 80%), followed by back pain (eight patients, 53.3%). Some patients complained of nonspecific symptoms such as leg pain, impaired consciousness and general malaise.
Radiological findings and causative pathogens
The details of the imaging findings and causative pathogens are shown in Table 1 . The average maximum abscess cavity diameter was 79 mm. Multilocular abscesses were detected in the majority of patients (10 patients, 66.7%). Five patients (33.3%) had bilateral abscesses. Gas formation was observed within the abscess in six patients (40.0%), and six patients (40.0%) had metastatic infectious lesions, including those associated with endophthalmitis, septic arthritis, renal abscess formation and septic pulmonary embolism. Causative pathogens were identified in cultures obtained from all 14 patients. Staphylococcus aureus, the most common pathogen, was detected in seven patients (50.0%). Major intestinal bacteria, such as Gram-negative bacilli, Grampositive cocci and anaerobic bacteria, were also isolated, however, indicating that there were several causative pathogens. Gas production was observed in the abscess cavity, even in patients in whom the only isolated bacterium was S. aureus.
Clinical presentation and laboratory tests
The laboratory findings are shown in Table 2 . Most patients exhibited a relatively high leukocyte count and Creactive protein (CRP) level, both of which are consistent with the presence of an abscess. When the upper limit of the normal leukocyte count was set at 8,000/μL, the leukocyte count and CRP level were abnormal in all patients. Ten patients (71.4%) had a leukocyte count of ! 10,000/μL, and nine patients (64%) had a CRP level of ! 10 mg/dL. The average values for these parameters were 15,179/μL and 18.0 mg/dL, respectively. Disseminated intravascular coagulation was observed in three patients (21.4%) and bacteremia was noted in eight patients (57.1%). None of the patients exhibited hypotensive shock. All patients with bacteremia also presented with pyogenic spondylodiscitis.
Source control and outcomes
A summary of the clinical courses of controlling the source of infection and the prognosis appears in Table 3 . In nearly all patients, source control was performed using CTguided drainage. The average intervals between the initial examination and the diagnosis and the initial examination and the initiation of drainage were 2.3 and 6.6 days, respectively. Although the iliopsoas abscesses were diagnosed on the day of the initial examination in the majority of patients (11 patients, 73.3%), several days were required before drainage was started in some patients. The average interval to the resolution of bacteremia in the patients with this complication was eight days, and the interval until the abatement of fever was 12.7 days. The average duration of hospitalization was 63.9 days, and an average of 2.4 drainage tubes were inserted (drainage was performed 1.6 times on average). The maximum number of drainage tubes in a single patient was nine, and the maximum number of rounds of drainage was four. Two of the three patients with gastrointestinal perforation underwent surgery after CT-guided drainage. The overall prognosis for the 14 patients was relatively good, with only one death. Death occurred in case 6, in which the patient had inoperable perforated diverticulitis due to exacerbation of the primary disease (malignant tumor).
Antimicrobial therapy
The antimicrobial therapies are summarized in Table 4 . All but one patient (13 patients, 92.9%) were given betalactam antibiotics as the empirical therapy (carbapenems in eight patients, 61.5%; ceftriaxone in two patients, 14.3%; piperacillin/tazobactam, cefotiam and ampicillin/sulbactam in one patient each -7.1%, respectively). Anti-methicillinresistant S. aureus (MRSA) agents were empirically given in a combination in five patients (35.7%). Retrospectively, the empirical therapies were generally deemed inappropriate in three cases: ceftriaxone and clindamycin for MRSA and Pseudomonas aeruginosa in case 6; cefotiam for methicillinsensitive S. aureus (MSSA) in case 9; and doripenem for MRSA in case 15. The antibiotics were appropriately deescalated according to the results of culture studies in many cases. In contrast, the drugs were escalated due to fever recurrence without bacteriological proof in cases 4 and 9 and unsuccessfully de-escalated (erythromycin monotherapy for MSSA), resulting in recurrence, in case 11. Although the duration of antibiotic therapy was broad, the length of treatment with antibiotics was thought to have been shortened in the subjects who underwent definitive operations (cases 13 and 16). Prolonged antibiotic use was required in case 6 based on inoperable perforated diverticulitis.
Discussion
Iliopsoas abscess formation is not considered a rare disease. Whereas iliopsoas abscesses occur in young individuals in developing countries, they are found more frequently in the elderly in developed countries (8, 9) . Studies conducted in Japan indicate that the average patient age of individuals diagnosed with iliopsoas abscesses during the 1990's was 48.4 years, compared with 76.5 years in the 2000's (5). In the current study, the average patient age was 70.0 years. Considering that our medical facility is a university hospital, this figure represents a trend toward an older onset of iliopsoas abscesses. The major contributory factors to this phenomenon include the aging of the Japanese population as well as the increased number of patients with immunodeficiency and co-morbidities. In addition, particularly in Japan, advances in diagnostic imaging have provided increased opportunities to diagnose the disease. Iliopsoas abscesses are broadly classified into two categories based on the pathogenesis: 1) primary lesions resulting from hematogenous spread and 2) secondary lesions caused by spread from neighboring organs. Currently, primary iliopsoas abscesses are rare, and most cases of iliopsoas abscesses are secondary (10) . In the present study, all of the patients in whom the etiology of the disease could be investigated had a secondary iliopsoas abscess. The anatomical location is an important aspect with respect to the formation of secondary iliopsoas abscesses. The most frequent primary conditions from which secondary iliopsoas abscesses arise are: 1) orthopedic infections, such as pyogenic spondylodiscitis; 2) intra-abdominal abscesses associated with gastrointestinal perforation and appendicitis; 3) urological infections; and 4) others (hip joint infection, aortic disease) (1-4). Primary conditions vary among institutions (6) . However, because iliopsoas abscesses are often diagnosed prior to detection of the primary disease, care must be taken to not overlook these lesions. The present results suggest that pyogenic spondylodiscitis is the most frequent primary condition, with an extremely high frequency (64.3%), compared with that observed in previous reports (6) (7) (8) . One reason for this difference is the widespread application of contrastenhanced magnetic resonance imaging (MRI). MRI can be used to clearly delineate adjacent structures, especially the vertebrae and epidural space, and is therefore likely to help clarify the infectious focus (7). Therefore, when iliopsoas abscesses are initially detected, it is necessary to proactively evaluate the patient for pyogenic spondylodiscitis. Preexisting spinal disease is also a risk factor for iliopsoas abscess formation (1) and is a likely cause of the increased incidence of these abscesses in elderly individuals.
The main symptoms of iliopsoas abscesses are fever and back pain, with fever occurring in approximately 75% of pa-tients (4, 11) . In the past, iliopsoas abscess development was a main cause of pyrexia of unknown origin. However, due to the recent advances in techniques of radiological diagnosis, iliopsoas abscesses are now rarely identified as a cause of this condition. Although most patients in the present study presented with fever, it is noteworthy that some affected patients exhibit only back pain or nonspecific symptoms, such as impaired consciousness and general malaise.
Bilateral iliopsoas abscesses were previously considered to be relatively rare (under 5%) (8), although two-thirds of the patients in the current study presented with bilateral abscesses. The recent advances in diagnostic imaging are considered to be the major reason accounting for this relatively high number. One-third of our patients presented with multilocular abscesses, which is an important criterion when selecting the treatment strategy. As reported in previous studies, the causative pathogen in most cases was S. aureus (2, 9, (12) (13) (14) . Although this trend is well recognized, several other bacteria have also been isolated. The empirical therapy should therefore include broad-spectrum coverage, with antibiotics covering Gram-positive cocci and Gramnegative bacilli. Due to the risk of promoting the development of drug-resistant strains, anti-pseudomonal and anti-MRSA coverage is recommended. Even in such cases, however, the causative pathogen may usually be identified in either blood cultures performed prior to the administration of antibiotics or in drainage fluid cultures. This is true even in patients initially administered broad-spectrum antibiotics as part of the empirical regimen. Subsequently, such patients are switched to specific antibiotics based on the results for antimicrobial susceptibility. That is, there are few cases in which broad-spectrum antibiotic treatment must be continued because the causative pathogen(s) remains unidentified. The duration of antibiotic treatment depends on the particular case; therefore, each patient requires individualized treatment. Changing the antibiotic(s) without a good reason, however, should be avoided. For example, some patients in our study had gas-filled abscesses, a condition usually attributed to intestinal bacteria. S. aureus was the only bacterium isolated in the cultures from some of these patients. Because S. aureus is not known to generate gas, we believe that mixed infections, including those caused by anaerobic bacteria, may have been the cause of the gas in the abscesses in these patients. It is dangerous to assume the identity of a causative pathogen based solely on the presence of gas production. Anaerobes were grown in culture in only one case in this study, a result attributed to the difficulty of culturing anaerobes. Hsieh et al. recently suggested that gas formation is an important predictor of a poor clinical outcome (7) . Clinicians should therefore pay attention to this property in all cases of abscesses.
Although metastatic disease was identified on the initial examination in 40% of the patients in our study, such tumors may remain undetected. Therefore, careful monitoring of the patient's clinical progress is required (15, 16) . In two patients, Klebsiella pneumoniae strains were identified as the causative pathogen, although the strains were highly toxic and yielded mucoid phenotypes. Since the 1980's, hepatic abscesses associated with bacteremia and metastatic abscesses caused by K. pneumoniae have been reported in the medical literature, primarily in Taiwan. This condition is now recognized to be an independent disease (15, 17, 18) . In our medical facility, K. pneumonia is being isolated more frequently than in the past, indicating that physicians must pay attention to this trend (19) . Data obtained from blood samples often indicate a moderate-to-severe inflammatory response, which implies deep tissue infection, although the response is nonspecific in all cases (9, 20) . In the present study, no patients suffered from hypotensive shock, although, as reported in previous studies, more than half of the patients had bacteremia, indicating that obtaining blood cultures is mandatory (21) . Furthermore, all of our patients with bacteremia had pyogenic spondylodiscitis, indicating that patients with bacteremia should be examined proactively for this complication. As intravascular infections are not uncommon in the presence of persistent bacteremia, clinicians should be especially alert to the possibility of infective endocarditis in such cases. The basic treatment for abscesses is the administration of appropriate antibacterial agents and early drainage. Due to the easy availability of CT and IVR in most Japanese hospitals, almost all of the patients in the present study underwent treatment with CTguided drainage and experienced a satisfactory recovery.
Most of the patients in this study had bilateral or multilocular abscesses and were treated successfully by placing multiple drainage tubes and conducting ingenious trials, such as transmembrane drainage using a guidewire. In the past, in cases involving multilocular abscesses (22) , a large abscess size (>70 mm) (6) or gas-forming abscesses (7), there was a danger of treatment failure with percutaneous drainage, leading to the need for surgery. Even in a recent series including a large number of patients, placing multiple drainage tubes was not found to be common (23) . The results of the present study suggest that it is possible to treat iliopsoas abscesses using CT-guided drainage in almost all cases, even in patients with multiple abscesses, including those associated with pyogenic spondylodiscitis, with the exception of cases of gastrointestinal perforation. It is noteworthy that this observation suggests the possibility that the ingenious approach of providing aggressive multiple CTguided drainage may eliminate the need for surgery in some situations.
CT-guided drainage may also be used in patients who are unable to tolerate surgery due to their poor general condition or other reasons. The results of this study suggest that advances in diagnostic imaging and antibiotic therapy have resulted in a lower mortality rate associated with iliopsoas abscesses. The patient's prognosis is largely dependent on the presence of co-morbidities, suggesting that performing immediate drainage after the diagnosis does not help to lower the in-hospital mortality rate. The use of drainage, however, is likely to decrease the duration of bacteremia and fever and represents an important tool for identifying the causative pathogens. Although CT-guided drainage is expected to continue to play a major role in iliopsoas abscess treatment, the hospital stay may be longer after percutaneous drainage than after surgery. Iliopsoas abscesses themselves are rarely life-threatening, so long as they are detected early and treated with antibacterial agents and drainage.
There are several limitations associated with the current study. First, this study was performed in a single institution, and the results cannot be generalized. Furthermore, the treatment policy depended on the strategy of the treating physicians, resulting in the potential for patient bias. Second, the present data cannot be applied to hospitals without immediate access to IVR procedures. Finally, the complexity of the disease varied in our study population. Although we determined that a treatment strategy anchored by CT-guided drainage is generally not problematic, even in patients with bilateral or multilocular abscesses (except those with gastrointestinal perforation), the suitability of surgery depended on the individual patient's particular condition, the timing of drainage tube removal and the optimum period of administration of antibacterial agents. These factors require further study.
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